Cross-bridges form between overlapping phragmoplast microtubules. Arrow indicates the electrondense region between antiparallel microtubules. Bar = 0.2 mm.
The cell plate, which separates daughter nuclei during cytokinesis in plants, is engineered by a unique cytoskeleton-based structure named the phragmoplast. Microtubules of the phragmoplast direct Golgi vesicles to the site of division, where they deposit their contents into the expanding cell plate. Phragmoplast microtubules are arranged in two opposing antiparallel arrays, perpendicular to the plane of division, with their fast-growing ends at the equator of the cell, and their slow-growing ends extending away from it (Euteneuer and McIntosh, 1980) . Most microtubules terminate at the midline of the phragmoplast, but some extend across it and interdigitate with microtubules arising from the opposite side of the cell. Over 40 years ago, Hepler and Jackson (1968) reported that cross-bridges form between antiparallel microtubules in the phragmoplast of Haemanthus endosperm cells. Members of the 65-kD microtubule-associated protein (MAP65) family are thought to form these cross-bridges due to their localization to the phragmoplast midline (Smertenko et al., 2008) and their ability to promote bundling of antiparallel microtubules (Gaillard et al., 2008) . Now, Ho et al. (pages 2909 Ho et al. (pages -2923 ) examined the phragmoplast microtubules of Arabidopsis meristematic root cells. Using transmission electron microscopy, the authors detected electron-dense regions, presumed to be cross-bridges, between interdigitated phragmoplast microtubules (see figure) . They then showed that MAP65-3 is responsible for forming cross-bridges between this subset of microtubules. First, microtubules in the phragmoplast of the dyc283 mutant, which lacks functional MAP65-3, did not form overlapping antiparallel arrays. Second, immunolocalization analysis showed that MAP65-3 localizes to the midline of the phragmoplast of dividing wild-type cells. Third, purified Arabidopsis MAP65-3 heterologously expressed in bacteria binds to microtubules and bundles them in an antiparallel fashion in vitro.
Time-lapse fluorescence microscopy showed that green fluorescent protein-tagged End Binding 1c, which labels the fast-growing ends of microtubules, localizes to the phragmoplast midline in transgenic Arabidopsis cells. Localization was disrupted in dyc283 mutant cells expressing this fusion, indicating that MAP65-3 is required for the enrichment of fast-growing plus ends in the phragmoplast midline. Furthermore, the authors used dual immunofluorescence analysis to show that MAP65-3 recruits the motor proteins, Kinesin-12 and PAKRP2, to the phragmoplast midline. Although loss of MAP65-3 frequently disrupted cytokinesis and perturbed microtubule organization in the phragmoplast, it did not significantly alter the distribution of membrane trafficking proteins. Thus, MAP65-3 contributes to the efficiency of the phragmoplast by establishing the population of interdigitated microtubules but does not affect vesicle trafficking to the cell plate.
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